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a. 'x  Brain  intracellular  [H+]  (in  dogs)  is  very  closely  regulated  in  short¬ 

term  hypoxia  secondary  mainly  to  increased  brain  metabolic  acid  pro¬ 
duction.  S 

U 

b.  Metabolic  acid  production  in  brain  increases  in  acute  hypoxia,  but 
shows  "adaptation"  with  chronic  hypoxia,  i.e.  either  remaining  constant 
or  showing  substantial  reduction  with  time./  This  cerebral  metabolic 
acid  production  is  critically  dependent  upon  the  attending  respiratory 
alkalosis,  especially  in  moderate  levels  op  hypoxemia. 

c.  ^  Ventilatory  acclimatization  to  or  deacclimatization  from  chronic 

hypoxia  do  not  show  clear  relationships  to  cerebral  tissue  metabolic 
acid  production  or — presumably — cerebral  fluid  acidification,  i 

Jr>  U 

d.  'Monoamine  neurotransmitter  synthesis  and  turnover  in  the  CNS  show 

adaptation  to  chronic  hypoxia  (in  the  rat) .  We  found  no  relationship 
of  this  metabolism  to  ventilatory  acclimatization,  nor  did  we  find 
that  pharmacologic  manipulation  of  these  monoamines  changed  ventila¬ 
tory  acclimatization .A) Dopamine  concentration  changes  in  the  carotid 
body  were  striking  and\progressive  with  time  in  hypoxia,  and  their 
functional  relevance  nekds  further  study. 

e.  "Instability"  in  human  breathing  patterns  in  hypoxia  was  quantified 
in  sleep,  working  and  exercising  states.  Periodicity  occurred 
consistently  in  all  subjects,  appeared  soon  after  the  onset  of  hypoxia 
(during  sleep) ,  was  relieved  by  acute  restoration  of  normoxia  and 
diminished  by  low  levels  of  CO2  and  occurred  in  all  Non-REM  sleep 
stages.  Marked  variability  was  evident  among  subjects  in  their 
"sensitivity"  to  development  of  periodic  breathing  in  hypoxia. 

f.  Arterial  hypoxemia  during  heavy  exercise  showed  a  high  incidence  in 
fit  subjects  at  sea  level.  Its'  occurrence  was  critically  dependent 
upon  the  level  of  alveolar  PO2,  suggesting  a  diffusion  limitation 

to  pulmonary  gas  exchange.  Marked  variability  existed  among  indivi¬ 
duals  in  their  susceptibility  to  exercise-induced  hypoxemia. 


Accession  For . . 

HTIS  GRAfcl  w 
BTIC  TA»  □ 
Unannounced  □ 
justification.—— 


By - - - 

Distribution/^ 
Availshttlt?  Codes 
l  ,Avc.U  aml/er 

Ipist  Caoolal 


SECURITY  CLASSIFICATION  OF  THIS  PAGCfOTiwi  Data  Bnlarad) 


ANNUAL  PROGRESS  REPORI 
(Year  04  -  September  1,  1980-July  1,  1981) 


Studies  completed  during  contract  year  04  were  aimed  at  defining  re¬ 
lationships  between  brain  metabolism  and  ventilatory  acclimatization  to 
chronic  hypoxia,  explaining  the  nature  and  some  of  the  mechanisms  controlling 
Instability  in  breathing  pattern  during  sleep,  and  clarifying  the  contri¬ 
butions  of  alveolar  P02  and  alveolar-capillary  diffusion  to  the  arterial 
hypxemia  we  have  observed  during  heavy  work  at  sea-level  and  moderate  altitudes. 


SUMMARY  OF  PROGRESS  TO  DATE 

I.  CNS  Metabolism  in  Hypoxia — Regulation  and  Relationship  to  Ventilatory 
Accl lmat izat ion 


A.  Brain  Tissue  [H+]  and  Metabolic  Acid  Production 

Our  work  is  now  completed  in  this  project  (see  Peiligrino,  Musch,  and 
Dempsey,  Brain  Res. »  1981;  and  Musch  et  al.,  1981,  FASEB  abstract).  The 
study  in  anesthetized  dogs  compared  various  methods  for  measuring  intra¬ 
cellular  pH  (pHi)  in  various  brain  regions  and  determined  pHi  regulation  in 
response  to  various  combinations  of  hypoxia  and  hypocapnia  imposed  over 
five  hours.  Major  findings  included:  1)  the  heterogeneity  in  pHf  and 
metabolic  acid  production  throughout  the  brain  under  all  conditions;  2)  the 
much  tighter  regulation  of  intra-cellular  pH — relative  to  that  in  plasma  or 
bulk  CSF — during  hypocapnia  and/or  hypoxia;  3)  cerebral  pHi  in  any  of  the 
regions  or  by  any  of  the  methods  showed  no  change  over  5  hours  of  hypoxic 
hypocapnia  (simulated  4300  m,  PaC02  ^  25,  Pa02  'v  45  mmHg).  pH*  was  elevated 
in  the  Initial  hour  of  moderate  hypocapnia,  but  returned  to  normal  after 
5  hours;  4)  increased  cerebral  metabolic  acid  production  (mainly  lactate)  was 
critical  to  pH^  regulation  in  the  initial  hour  of  hypoxia  or  hypocapnia,  but 
were  unchanged  with  further  (time-dependent)  regulation  of  pHi  suggesting  a 
key  role  for  transmembrane  transport  of  H+  during  this  period;  5)  brain  extra¬ 
cellular  fluid  space  fell  during  hypocapnia  and  hypoxemia  and  intracellular 
fluid  rose.  This  cellular  swelling  was  possibly  secondary  to  an  osmotic 
effect  of  increased  metabolic  acid  production;  6)  by  comparing  different 
methods  for  pHf  measurement  we  were  also  able  to  estimate  the  amount  of 
disequilibrium  in  [HCO3]  between  bulk  CSF  and  interstitial  fluid.  We  found 
this  disequilibrium  only  in  the  initial  hour  of  hypoxic  hypocapnia,  i.e.  by 
5  hours  of  continued  hypoxic  hypocapnia  there  was  no  evidence  of  any  dis¬ 
equilibrium  (CSF:ISF). 

Our  second  study  used  awake  rats  studied  over  the  time-course  (2  hrs  to 
7  days)  of  acclimatization  to  and  deacclimatization  from  chronic  hypoxia  to 
moderate  and  severe  hypoxia  (4  to  6000  m,  Pa02  55  to  28  mmHg,  PaC02  35  to 
15  mmHg).  Major  findings  were:  a)  cerebral  (cortex  and  brain  stem)  meta¬ 
bolic  acid  concentrations  (i.e.  primarily  lactic  acid)  were  Increased  2  to 
3  fold  in  chronic  hypoxia  and  in  most  cases  remained  elevated  following  acute 
return  to  hormoxia  during  which  time  the  animal  continued  to  hyperventilate; 
b)  the  time-course  of  these  changes  varied  with  the  severity  of  hypoxia, 
always  showing  an  elevation  in  acute  hypoxia  with  no  further  change  over 
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1  to  7  days  of  moderate  hypoxia  but  with  a  significant  fall  over  3  days  of 
severe  hypoxia;  c)  the  attending  hypocapnia  in  hypoxia  was  critical  to  the 
changes  in  cortex  and  brain  stem  metabolic  acii’  production,  i. e.  when  iso- 
capnia  was  maintained  in  acute  hypoxia  the  increase  in  cerebral  lactate  was 
was  either  prevented  (moderate  hypoxia)  or  reduced  (severe  hypoxia)  and 
if  PaC02  was  elevated  to  control  levels  during  acute  return  to  normoxia  in 
the  acclimatized  animal,  brain  tissue  lactate  also  returned  to  normal; 
d)  intra-cellular  pH  (estimated  by  the  creatine  phosphokinase  equilibrium 
technique)  in  brain  stem  and  cortex  was  unchanged  from  control  in  all  condi¬ 
tions  and  durations  of  hypoxia  and/or  hypocapnia,  except  in  very  severe 
acute  hypoxia,  during  which  cerebral  pKi  was  significantly  acid  to  control 
under  both  hypocapnic  and  iso-capnic  conditions. 

These  data  have  several  general  implications  concerning  adaptation  to 
chronic  hypoxia.  In  particular,  they  show  the  brain’s  metabolic  adaptabil¬ 
ity  during  acclimatization  wherein  metabolic  acid  production  either  stabil¬ 
izes  or  is  greatly  reduced  with  time  in  hypoxia  and  intra-cellular  pH  homeo¬ 
stasis  is  maintained  in  all  chronic  states  of  acclimatization.  Further, 
the  critical  importance  of  hypocapnia  (and  alkalosis?)  to  cerebral  metabolic 
acid  production  and  to  pHi  regulation  was  clearly  demonstrated.  Hypoxemia, 
per  se,  contributed  significantly  to  these  metabolic  changes  only  at  extreme 
altitudes.  Thirdly,  the  data  also  speaks  to  the  question  of  cerebral  inter¬ 
stitial  fluid  (1SF)  acidification  in  hypoxia  and  its  recently  postulated  role 
in  ventilatory  acclimatization  (Fencl,  1979). 

1.  The  dog  data  suggests  that  CSF:ISF  disequilibrium  (for  [HCO3]  and 
[H+] )  may  not  exist  beyond  the  very  early  stages  of  hypoxic  expo¬ 
sure.  (Clearly  our  method  and  that  of  Fencl' s  (1979)  for  determin¬ 
ing  this  "disequilibrium"  differ  greatly  and  a  critical  analysis 
and  comparison  of  both  techniques  is  indicated). 

2.  Cerebral  tissue  metabolic  acid  production  does  not  provide  a 
source  for  increased  acidification  of  cerebral  ISF  commensurate 
with  an  increasing  ventilation  with  time  in  hypoxia — quite  the 
opposite. 

3.  Differing  degrees  of  hypoxia  all  produced  a  similar  degree  of 
ventilatory  acclimatization  (acute  to  chronic  hypoxia)  but 
quite  different  time-dependent  changes  in  cerebral  metabolic  acid 
production. 

Finally,  these  data,  taken  together  with  previous  findings,  show  a 
highly  complex  profile  of  cerebral  fluid  acid-base  regulation  during  acclima¬ 
tization  to  chronic  hypoxia  i.e,  arterial  plasma  and  bulk  CSF  increase  in 
alkalinity,  cerebral  ISF  [H+]  (implied  from  metabolic  acid  changes)  stays 
constant  or  decreases  in  acidity  and  intra-cellular  pH  remains  unchanged  for 
the  most  part  or  returns  from  a  mildly  acid  to  normal  level  with  time. 

Exactly  how  medullary  chemoreceptors  may  respond  to  this  profile  of  [H+] 
in  cerebral  fluids — or  how  one  might  estimate  the  ionic  composition  of  the 
chemoreceptor  environment — appears  as  anything  but  straightforward. 


B.  Monoamine  Metabolism  in  the  CNS  and  Carotid  Body  and  Relationships 
to  Ventilatory  Control  and  Acclimatization 

Two  types  of  studies  have  been  completed  which  address  these  questions: 
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The  site  of  action  of  serotonin  (5-HT) — on  ventilatory  control  and 
its  interaction  with  other  chemical  stimuli  and  exerci.  were  studied 
in  awake-intact  and  carotid  chemoreceptor  denervated  gents.  Our 
previous  work  in  rats  was  confirmed  in  the  intact  goat  by  showing 
that  serotonin  depletion  (via  parachloraphenylalinine,  PCPA)  caused 
chronic  hyperventilation  and  respiratory  alkalosis.  The  carotid- 
d enervated  animal  showed  an  Identical  response  (to  the  intact)  con¬ 
firming  a  CNS  site  of  action  of  5HT  depletion  on  eupneic  ventila¬ 
tion,  and  the  ventilatory  effects  of  acute  hypoxia,  hyperoxia,  CO2 
breathing,  and  exercise  were  strictly  additive  to  those  of  5HT 
depletion.  We  also  studied  5HT  repletion  in  awake  and  anesthetized 
rats  using  5HTP  (the  biosynthetic  precursor  to  serotonin).  This 
caused  a  mild  hyperventilation  in  the  awake  rat  but  caused  a  marked 
hypoventilation  in  the  halothane  anesthetized  rat.  These  anesthetic 
effects  explain  some  of  the  existing  discrepencies  in  the  literature 
(see  below)  and  stress  the  critical  importance  of  studying  ventila¬ 
tory  control  in  the  awake  state,  where  our  studies  clearly  show  that 
CNS  5HT  exerts  a  strong  inhibitory  influence  on  eupneic  ventilacion 
and  that  this  inhibition  is  present  in  a  variety  of  physiologic 
states. 

Monoamine  Neurotransmitter  Metabolism  and  Ventilatory  Control  During 
Acclimatization  to  Hypoxia — was  studied  in  male,  Sprague-Dawley 
rats  (300-350  g)  housed  in  a  hypobaric  chamber  (BP  ■  450  Torr)  for 
up  to  7  days.  The  levels  of  norepinephrine  (NE),  dopamine  (DA),  and 
serotonin  [ 5-hydroxy tryptamine  (5HT)]  were  measured — after  extrac¬ 
tion  and  HPLC — by  electrochemical  detection  in  whole  brain,  brain 
stem,  and  carotid  bodies.  Monoamine  turnover  was  estimated  by  the 
average  of:  a)  the  buildup  in  monoamine  levels  1  hour  following 
inhibition  of  monoamine  oxidase;  and  b)  the  depletion  in  monoamine 
levels  1  hour  following  inhibition  of  tryptophan  and  tyrosine 
hydroxylases.  Pertinent  findings  were  as  follows: 

(a>  Levels  of  monoamines  in  CNS:  In  whole  brain  the  levels  of  all 
three  monoamines  appear  to  be  transiently  reduced  on  acute  exposure 
to  hypoxia.  This  is  significant  for  NE  at  1  hour  and  DA  at  5  hours 
hypoxia. 

(b) '  Turnovers  of  monoamines  in  CNS:  In  whole  brains  the  turnover 
of  5HT  is  transiently  reduced  after  1  and  5  hours  hypoxia  and  return 
to  normal  levels  by  1  day  [This  agrees  with  the  previously  published 
work  of  Davis  and  coworkers  (197  )].  Based  on  indirect  evidence, 
Davis  and  coworkers  have  postulated  a  transient  fall  in  NE  turnover 
during  hypoxia.  Our  data  does  not  support  this  conclusion.  We  find 
that  NE  turnover  is  unaffected  by  hypoxia.  Both  DA  and  5HT  turn¬ 
overs  were  elevated  after  7  days  hypoxia  and  1  hour  acute  return  to 
normoxia. 

(c) -  Levels  in  carotid  bodies:  A  4-  to  5-  fold  increase  occurred 
in  carotid  body  DA  after  7  days  hypoxia  with  a  further  increase 
after  1  hour  return  to  normoxia.  NE  is  moderately  elevated  in 
carotid  bodies  after  7  days  hypoxia,  but  carotid  body  5HT  levels 
are  unaffected.  The  fact  that  the  carotid  body  monoamines  do  not 
change  in  concert  supports  the  premise  that  this  is  a  specific 
effect  of  prolonged  hypoxia  on  carotid  body  DA. 
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This  observed  adaptation  of  nervous  tissue  monoamines  to  prolonged 
hypoxia  lends  itself  to  several  interpretations.  First,  there  are 
2  lines  of  evidence  which  argue  that  there  is  no  significant  role 
for  CNS  monoamines  in  ventilatory  acclimatization  to  hypoxia.  5HT 
turnover  with  time  of  adaptation  to  hypoxia  changes  opposite  to 
the  ventilatory  effects  we  have  shown  through  pharmacological  de¬ 
pletion  of  5HT.  We  would  expect  5HT  turnover  to  go  down  when  venti¬ 
lation  increases  during  hypoxic  adaptation,  but  5HT  turnover  returns 
to  normal. 

In  further  studies  in  rats,  we  have  shown  that  pharmacological 
depletion  of  any  of  these  monaomines  does  not  alter  the  rat's  time 
course  of  ventilatory  acclimatization  to  and  deacclimatization  from 
chronic  hypoxia.  These  findings  do  not  confirm  the  postulate  of 
Millbom  et  al.  (1981)  who  showed  that  5HT  depletion  prevented  the 
continued  increase  in  ventilation  following  carotid  sinus  nerve 
stimulation  in  anesthetized,  prolonged  cats.  Either  their  animal 
model  may  not  be  a  suitable  simulation  of  chronic  "acclimatization" 
or  the  anesthetic  effects  may  account  for  these  differences  in 
findings. 

Finally,  others  have  shown  in  ponies  and  goats  that  carotid  bodies 
are  clearly  involved  in  ventilatory  acclimatization  to  hypoxia 
(Bisgard,  1980).  The  adaptation  of  carotid  body  dopamine  that  we 
have  demonstrated  may  be  involved  in  this  relationship,  and  we  will 
test  this  hypothesis  further. 


II.  Ventilatory  Control  and  Stability  During  Sleep  in  Hypoxia 

Several  more  studies  were  completed  in  this  area  (Berssenbrugge,  1980; 
Iber,  1981).  First,  we  have  now  completed  our  computerization  of  this 
analysis  of  breathing  stability,  whereby  all  ventilatory  data  is  analyzed  on 
a  breath-by-breath  basis,  over  20  to  30  minute  periods  in  a  given  physiologic 
condition  and  "stability"  is  quantitated  according  to  apnea  number  and  length, 
distribution  of  Vj ,  inspiratory  flows,  $E»  f,  ribcage  and  abdominal  contri¬ 
butions  to  Vt,  and  Hb02  saturation,  and  the  "cyclical"  nature  of  groups  of 
breathing  patterns  is  quantitated. 

Secondly,  we  have  studied  five  more  normal  subjects — awake  and  asleep — 
over  four  days  at  4300  m  altitude  in  the  hypobaric  chamber — while  awake  at 
rest,  during  30  mins  of  mild  exercise,  and  during  all  sleep  stages.  These 
data  are  still  under  analysis,  but  have  already  yielded  the  following  findings: 
1)  Overall  ventilatory  acclimatization — documented  by  measurements  of  Ve  and 
50  to  60  samples  of  arterialized  acid-base  status  per  night — from  acute  (mins 
to  hrs)  over  4  days  of  hypoxia  was  identical  at  rest  awake,  during  exercise, 
and  during  all  sleep  stages.  These  data  question  a  significant  role  in 
acclimatization  for  influences  from  suprapontine  areas  (higher  CNS)  and 
question  the-  basic  premise  (Tenney,  1971)  that  these  influences  have  an 
interactive  effect  on  chemical  ventilatory  control.  2)  Apnea,  cyclical 
changes,  and  periodic  breathing  were  marked  during  all  NREM  sleep  stages  but 
such  less  evident  in  REM  and  barely  measurable — although  clearly  present — 
while  awake  at  rest  or  during  work.  The  apneas  were  of  the  "central"  non- 
obstructed  variety.  3)  Periodicity  in  all  sleep  stages  was  affected  by  a 
number  of  pertubations  and  conditions:  a)  acute  hyperoxia  removed  it; 
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b)  very  low  levels  of  Inhaled  CO2  (often  with  no  detectable  change  In  arterial 
PCO2)  greatly  alleviated  it,  and  c)  t ime  in  hypoxia  clearly  decreased  this  in¬ 
stability,  i.  e.  the  periodicity  was  most  marked  during  the  initiil  1-5  hours 
of  hypoxia,  was  lessened  over  the  next  24  hours  and  then  diminished  greatly 
over  the  final  48  hours  at  4300  m.  Increase  in  "quality"  sleep  time 
(stages  III,  IV,  NREM)  and  loss  of  sleep-related  symptoms  such  as  morning 
headache,  extreme  fatigue,  etc.,  seemed  to  coincide  with  reduction  in 
breathing  "instability"  and  maintenance  of  higher  levels  of  arterial  Hb02 
saturation. 

A  third  series  of  studies  completed  with  the  awake  chemodenervated  goat 
model  also  speaks  to  the  postulated  role  of  chemo reception  and  shifts  in 
central  v£.  peripheral  chemoreceptor  influences  on  breathing  stability 
(Chemiack  et  al.,  1973  and  1979).  For  example,  the  carotid-chemoreceptor 
denervated  goat  (relative  to  intact)  tended  to  show  wide  distributions  of 
Vt,  ^E»  etc.,  at  both  rest  and  exercise.  Acute  hypoxia  in  the  denervated 
animal  tended  to  show  further  slight  increases  in  "instability."  On  the 
other  hand  steady-state  cisternal  perfusion  with  alkaline  and  acid  mock  CSF 
in  the  intact  goat  produced  the  expected  hyper-  or  hypo-ventilation  but  did 
not  affect  ventilatory  "stability."  While  considerable  work  remains  on  this 
topic  this  combination  of  human  and  animal  data  are  beginning  to  define  the 
role  of  chemoreceptor  contribution  in  the  production  of  breathing  instability, 
and  thus  far  clearly  question  the  postulated  role  for  a  dominance  of  peri¬ 
pheral  over  central  chemoreceptor  influences  as  a  precipating  factor  and 
implicate  a  role  for  cerebral  hypoxia,  per  se. 


III.  Exercise  Gas  Exchange  and  Ventilatory  Response 

Based  on  some  of  our  earlier  observations  of  significant  arterial  hypox¬ 
emia  in  well-conditioned  athletes  during  very  heavy  work,  this  study  sought 
to  more  clearly  define  the  incidence  and  exercise  conditions  necessary  for 
this  hypoxemia  and  to  examine  the  possibility  that  it  might  be  attributed  to 
a  limitation  in  alveolar-capillary  diffusion.  Two  major  findings  have  resulted 
from  this  year's  work. 

First,  the  incidence  of  a  reduced  arterial  P02  (-15  to  40  mmHg  <  Rest) 
during  heavy  work  at  sea-level  in  health  seems  to  be  fairly  high  (17  of 
25  subjects).  The  work  load  must  be  "heavy"  (>75%  Max$02)  to  induce  this 
hypoxemia  in  most  subjects.  Even  mild  levels  of  acute  hypoxia  (simulating 
7000-8000  feet)  will  either  cause  hypoxemia  in  those  who  do  not  show  it  in 
normoxia  and  will  cause  much  more  severe  arterial  hypoxemia  in  those  who  already 
demonstrate  it  in  normoxia.  The  nature  of  the  work — or  at  least  the  ventila¬ 
tory  response  to  the  work — may  be  a  factor.  That  is,  the  hypoxemia  and  O2 
desaturation  is  evident  in  the  initial  45  seconds  of  the  exercise  and  is 
either  sustained  or  progresses  over  the  next  3  to  4  minutes.  This  pattern 
holds  for  either  walking  up  a  steep  grade  or  running  on  the  level.  However, 
if— at  slightly  lower  work  levels — the  work  is  prolonged  (>15  mins)  and  a 
greater  ventilatory  response  is  obtained,  the  hypoxemia  either  doesn't  occur 
or  is  minimized. 

The  second  major  finding  here  was  obtained  in  15-20  repreated  tests  In 
just  a  few  subjects  (N  •  6).  We  sought  to  vary  the  alveolar  P02  in  small 
increments  or  decrements  and  thereby  change  the  alveolar  to  mean-capillary 
diffusion  gradient  for  O2.  Whether  this  was  accomplished  by  greater  alveolar 


6 


ventilation  (yia  Helium  hreathing)  or  by  slightly  raising  or  lowering  the 
inspired  PO2  (FI02  .17  to  .24)  the  same  result  was  obtained,  i.e.  the 
exercise-induced  hypoxemia  was  highly  sensitive  to  the  prevailing  alveolar 
PO2  {Fig.  1).  This  effect  on  arterial  PO2  of  changing  the  alveol.tr  ho2 
occurred  very  quickly  during  exercise,  was  readily  reversible,  an  3  highly 
reproducible  (Fig.  2).  The  data  are  clearly  indicative  of  a  diffusion 
limitation  in  the  healthy  person  during  heavy  exercise  at  sea  level.  Even 
more  relevant  is  the  fact  that  this  limitation  becomes  specifically  evident 
with  major  effects  on  arterial  02  content  at  even  mild  levels  of  high  altitude. 
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V.  Military  Significance 

Adaptability  to  the  physiologic  stresses  of  high  altitude  hypoxia  clearly 
requires  appropriate  compensatory  changes  at  the  tissue  level.  Our  basic 
work  has  essentially  described  the  nature  and  some  of  the  mechanisms  under¬ 
lying  these  metabolic  changes — in  both  mitochondrial  and  neurotransmitter 
metabolism  in  cerebral  tissue. 

Sleep-related  problems  are  commonly  linked  to  symptoms  of  acute  mountain 
sickness.  Clearly,  the  ventilatory  periodicity  prominent  during  sleep  in 
hypoxia  effects  the  quality  of  sleep  and  thus  the  level  of  hypersomnalence 
and  fatigue  experienced  during  waking  states — particularly  during  the  initial 
few  days  at  altitude.  Our  work  on  this  problem  provides  the  first  compre¬ 
hensive  description  of  this  problem  and  provides  insight  into  means  of  its 
alleviation. 

Work  capacity  at  sea  level  and  high  altitudes  is  critically  dependent  on 
oxygen  delivery  to  working  skeletal  muscle.  Our  work  thus  far  has  identified 
exercise-induced  hypoxemia  under  certain  exercise  conditions  in  a  large 
percentage  of  healthy  individuals  at  sea  level,  and  has  demonstrated  the 
sensitivity  of  this  hypoxemia  to  even  small  changes  in  inspired  (and  alveolar) 
PO2.  Susceptibility  to  this  problem,  which  seems  to  be  predictable  even  at 
sea  level,  may  be  a  critical  determinant  ef  exercise  performance  at  high 
altitudes. 


VI.  Facilities 

No  new  major  facilities  were  added  in  year  04.  The  most  significant  change 
in  our  laboratory  operation  has  been  in  computerized  data  acquisition  and 
analysis. 
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FIGURE  I.  Effects  of  Helium  breathing  during  heavy  exercise  on  ventilatory 
response  (VE) ,  alveolar  P02  (PET02),  and  on  arterial  02  saturation  (Sa02). 
Note  the  progressive  desaturation  breathing  room  air,  the  immediate  effects 
of  He :02 ,  PET02*  and  hence  Sa02;  and  the  immediate  reversability  of  these 
effects  upon  return  to  room  air  breathing. 
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